INTRODUCTION
Cellulitis is a common cause of hospitalization. In the USA, for example, the International Classification of Diseases (ICD) code Bother cellulitis and abscess^accounts for approximately 1.4% of all admissions and $5.5 billion in annual costs. 1 The Infectious Diseases Society of America (IDSA) recommends that all patients with cellulitis and systemic signs of infection be considered for parenteral antibiotics, which for most patients requires hospitalization. The IDSA also recommends hospitalization for patients with altered mental status, hemodynamic instability, concern for deep infection, and poor adherence, who are severely immunocompromised, or who fail outpatient treatment. 2 Despite these recommendations, there is scant research to guide physicians about when to admit patients with cellulitis. It has been argued that the vast majority of patients with cellulitis could be managed as outpatients. 3 In the case of community-acquired pneumonia, several validated risk stratification tools exist that identify patients with low mortality for outpatient management. 4 , 5 We undertook a systematic review and meta-analysis of the literature of hospitalized patients with cellulitis to estimate the overall mortality of these patients and to assess whether the rate is low enough to potentially support alternatives to hospitalization.
METHODS

Data Sources and Search Strategy
The Meta-analysis of Observational Studies in Epidemiology (MOOSE) statement for reporting systematic reviews was used for our study. 6 We searched for observational studies that reported the rate of mortality for hospitalized patients with cellulitis or erysipelas. We searched Medline, Embase, and the Cochrane Library from database inception through February All observational studies of consecutive patients hospitalized with cellulitis or erysipelas were included. Studies of mixed cohorts of patients with skin and soft tissue infections (SSTI) that primarily included patients with cellulitis or erysipelas were also included but studies primarily of other types of SSTI such as abscess, diabetic foot, or complicated skin and soft tissue infection were excluded. Studies limited to patients treated with only one specific antimicrobial were not included as were studies limited to SSTI with specific comorbidities or limited to a specific pathogen. Studies with other selection criteria such as only culture-positive infections or only severe infections were also excluded. One author screened all titles and abstracts for full-text review which two authors (CG and AF) then independently reviewed for ultimate inclusion. Disagreement was resolved by consensus.
Data Extraction and Quality Assessment
A standardized data extraction form was used to document study characteristics such as study methodology, patient descriptions, type of SSTI included, method used for data acquisition, definition of mortality used, rate of overall mortality, and attributable mortality if included. Two authors (CG and BC) independently assessed study quality using a modified Newcastle-Ottawa Quality Assessment Scale (NOS) for Cohort Studies (see Supplementary File 1). 7 Differences in assessments were resolved by consensus. The original NOS included eight elements but three of these are not relevant to the types of included studies so only five elements were assessed. Representativeness was judged as good if the study was prospectively performed and patients with cellulitis were individually identified or if the study was retrospective and used record linkage with codes that only included cellulitis. Retrospective chart reviews were judged to have fair representativeness as were studies that used record linkage with noncellulitis codes or poor if they included multiple non-cellulitisrelated codes. Ascertainment was judged favorably if the study was prospectively conducted or if it used a national database for record linkage.
Data Synthesis and Analysis
The mortality rate for hospitalized patients with cellulitis for each study was recorded and the 95% confidence interval (CI) was calculated. Mortality rates from individual studies were pooled using a random effects model to calculate an overall mortality rate. Between-study heterogeneity was estimated using the I 2 statistic. Pre-specified subgroup analysis was performed based on study methodology (retrospective chart reviews vs. prospective studies vs. retrospective record linkage), study quality based on the NOS, and types of included infections (cellulitis only or mixed cohorts and whether necrotizing soft tissue infections were excluded). Meta-regression using these same variables was done to explore heterogeneity. Sensitivity analysis was done to assess the robustness of the overall pooled estimate after removal of individual studies. Statistical significance was assumed for p values less than 0.05. Statistical analysis was performed using Comprehensive Meta-Analysis, version 3 (Biostat, Englewood, NJ) and Stata/ SE, version 14.2 (StataCorp, College Station, TX).
RESULTS
The initial electronic search found 2467 manuscripts ( Fig. 1) . Two thousand three hundred and fifty-five manuscripts were excluded based on title and abstract review, leaving 112 for full-text review. Of these, 13 met criteria for study inclusion. An additional five studies were found by review of the references from the included studies. The main reasons that studies were excluded after full-text review were that they included outpatients, did not report mortality, or did not enroll consecutive hospitalized patients but instead used selection criteria such as only enrolling culture-positive infections, severe infections, or patients treated with specific antibiotics. Table 1 outlines the characteristics of the 18 included studies. Twelve of the studies were relatively small, occurred at a single hospital or institution, and used individual chart review for data acquisition. Seven of these 12 studies were conducted retrospectively and five prospectively. The remaining six studies used electronic coding for patient enrollment without chart review. Five of the six used ICD coding, and one was unspecified. In terms of types of infection included, the chart reviews and prospective studies purported to include only cellulitis and/or erysipelas, whereas the studies using coding included a more varied patient population; two included only cellulitis or erysipelas; two included a mix of infections including cellulitis, abscess, surgical site infection, ulcer-associated infections, and necrotizing infections; one included cellulitis, abscess, and surgical site infections; and one did not specify what types of infections were included. Of the 18 studies, eight were from Europe, four were from the USA, two were from China or Taiwan, two were from Australia-New Zealand, and one each from Israel and Canada. Table 2 describes the study quality assessment based on the modified NOS. Study quality was assessed based on five elements, each of which could earn one point if certain standards were met. Studies that scored favorably in all five elements received five points, which was achieved by seven studies. Ten studies scored four points and one three points. The main reason studies lost points were for retrospective chart reviews with poor ascertainment and for studies that used poorly representative coding. Figure 2 presents the pooled and individual study mortality rates for hospitalized patients with cellulitis using random effects meta-analysis. The overall pooled rate was 1.1% (95% CI, 0.7-1.8). Individual studies ranged from 0 deaths to 2.9% mortality. The pooled result for important subgroups is listed in Table 3 . The pooled rate for studies that used chart review was 1.2% (95% CI, 0.6-2.8) whereas the rate for studies that used record linkage was 1.3% (95% CI, 0.7-2.4). The pooled result for studies that purported to include only patients with cellulitis was 1.1% (95% CI, 0.7-1.8) whereas for studies with mixed cohorts, the rate was 1.3% (95% CI, 0.7-2.5). The only subgroup with a statistically significant different rate of mortality when compared to the remaining studies was of studies from the USA for which the pooled rate was 0.5% (95% CI, 0.3-0.9). Overall, there was statistically significant evidence for heterogeneity (I 2 = 98%, p < 0.001). We explored the heterogeneity by subgroup analysis but most subgroups also had high heterogeneity with the exception of the three studies of leg cellulitis only (I 2 = 0%, Figure 2 Forest plot of individual study and pooled mortality rates. Only five of the 18 studies included information about the actual cause of death. In these five studies, a total of 27 patients died including ten who were reported to have died directly from their infection (37%). Seven of these ten infectious deaths were from a single study. 12 Of the remaining 17 patients who died, two died from heart failure, 25 one from respiratory failure, 12 and 14 were not specified other than that they did not die from infection. 24 
DISCUSSION
In total, we found 18 studies of consecutive patients hospitalized for cellulitis or associated infections. The estimated pooled mortality rate worldwide for these patients using random effects meta-analysis was 1.1%. For studies from the USA, the rate was 0.5%. Although poorly described, only about one third of this mortality appeared to be attributable to cellulitis. The overall rate is comparable to common thresholds to recommend outpatient management for communityacquired pneumonia. For example, a systematic review of 31 studies that assessed the mortality rate of class 1-2 patients as defined by the PSI found that the pooled mortality rate for these low-risk patients was 0.75%. 26 The same systematic review found that the pooled mortality rate from 17 studies of the CURB65 score for patients with 0-1 risk factors was 2.0%. The IDSA and the British Thoracic Society (BTS) both recommend use of these prediction tools to identify patients for outpatient management. In the case of cellulitis, there are no well-described clinical models to predict mortality in hospitalized patients. The most widely known system classifies patients into four groups based on systemic signs of infection and comorbidity, but the actual mortality for the different groups has not been well defined. 27 Our findings show that the pooled mortality rate of patients currently being hospitalized for cellulitis is comparable to the mortality rate of patients with community-acquired pneumonia that is strongly recommended for outpatient management by the IDSA and BTS.
Talan et al. reported that in 85% of cases, the reason emergency room physicians hospitalize patients with SSTI is to administer intravenous antibiotics. 3 The main significance of our study is to support the potential use of alternatives to hospitalization for these patients. The use of outpatient parenteral antimicrobial therapy (OPAT) for example has been shown to be a safe alternative to hospitalization and to be preferred by patients. 28, 29 Another alternative is to briefly admit patients with cellulitis for observation. It has been estimated that the use of observation admission in the USA for low acuity conditions such as cellulitis could save individual patients $1500, individual hospitals $4.5 million, and the country $3.1 billion. 30 Lastly, several antibiotics are now available for SSTI that have long half-lives allowing onceweekly outpatient administration. [31] [32] [33] Another significance of the low pooled mortality rate for cellulitis relates to antibiotic stewardship. Current guidelines recommend relatively narrow spectrum antibiotics for most patients with cellulitis, targeting the most common organisms which are β-hemolytic streptococci and methicillinsusceptible Staphylococcus aureus.
2 Studies over the past decade, however, have shown that most patients in the USA when hospitalized with cellulitis are receiving combinations of broad-spectrum antibiotics, including frequent coverage of MRSA and resistant Gram-negative organisms as well as anaerobes. 18, 20, 34 This practice likely reflects uncertainty about the true microbiology of these infections which are frequently unculturable and also promotion of broadspectrum antibiotics for severe infections such as septic shock. 35 Studies showing that inappropriate antibiotics are associated with higher mortality originate largely from studies of patients with bacteremia with severe illness hospitalized in the ICU. 36 One systematic review for example found the pooled mortality rate for ICU patients with septic shock to be 46%. 37 As shown by our study, the estimated mortality rate for hospitalized patients with SSTI is a magnitude lower and supports an initial narrow approach to empiric antibiotics.
Our review has several limitations. First, there was significant statistical heterogeneity for mortality between studies. This likely reflects both methodologic and clinical differences between studies. In particular, most of the studies purported to include only patients with cellulitis or erysipelas, but most of these were retrospective studies in which it may be difficult to distinguish cellulitis from other SSTI including abscess, bursitis, and ulcer-associated infections. It has also been pointed out that the terms cellulitis and erysipelas have been used differently by different authors so studies of these infections may in fact report heterogeneous SSTI. 38 We also included studies of hospitalized patients that used coding without individual chart review to identify patients. Several of these studies included ICD codes other than cellulitis and erysipelas, including for different types of SSTI such as abscess, surgical site infection, and diabetic foot infections. To try to understand the heterogeneity of the included studies, we did subgroup analysis and meta-regression and found that most of the heterogeneity was due to the lower rates of mortality found in studies that had low risk of bias as measured by the NOS or originated from the USA. Ultimately, because of the heterogeneity of included studies and the limits in reporting for most of the studies, we used random effects meta-analysis to estimate the pooled mortality rate and we emphasize that different populations of patients with cellulitis likely have somewhat different rates of mortality.
Another potential weakness of our study is that only three of the included studies specifically included necrotizing soft tissue infections (NSTI) and most of the studies did not specify whether NSTI were included. The pooled mortality rate for the three studies that included NSTI was 1.9% and it is possible that to the extent that studies excluded NSTI that much of the attributable mortality rate for cellulitis was removed. Ideally, to answer our research question, studies would have included NSTI and reported the frequency and outcomes of these infections both separately and included with full cohort.
Lastly, our study does not by itself show that patients that are currently being hospitalized with cellulitis would have the same low rate of mortality if managed as outpatients. In addition to intravenous antibiotics, hospitalized patients also undergo monitoring and supportive care. After the PSI was derived, for example, three separate randomized controlled studies were conducted which confirmed that low-risk patients had in fact good outcomes when treated as outpatients. [39] [40] [41] Ideally, a randomized trial would be the next step to demonstrate that patients currently being hospitalized with cellulitis did equally well when managed as outpatients.
In summary, the estimated rate of mortality for patients hospitalized with cellulitis worldwide is approximately 1% and for patients in the USA, 0.5%. Attributable mortality is even lower. This rate is similar to the mortality rate of low-risk patients with community-acquired pneumonia that is currently strongly recommended for outpatient management by major infectious disease societies. If confirmed by a randomized controlled trial, outpatient management of patients currently being hospitalized for cellulitis could result in large cost savings to patients and payers and may be much preferred by patients.
